Introduction {#sec0005}
============

Since the COVID-19 outbreak started in China, most deaths occur in the elderly or people with underlying diseases. The pathogenesis of COVID-19 is still not well understood why the viral infections lead to respiratory failure with a high mortality rate ([@bib0010]). An excessive immune response contributes to COVID-19 pathogenesis and lethality ([@bib0010], [@bib0025]). Recently, complement suppression may represent a therapeutic approach to treat COVID-19 ([@bib0010]).

While COVID-19 was outbreak in Korea, no effective treatment for COVID-19 has been well established yet.

Recently, several journals mentioned the possibility of nafamostat([@bib0015], [@bib0020], [@bib0035], [@bib0040]). Nafamostat, serine protease inhibitor, can prevent the fusion of the envelope of the virus with host cell surface membranes, the first step in infection with the causative virus COVID-19 by inhibit TRPMSS2, a human cell surface serine protease ([@bib0015], [@bib0020], [@bib0040]). Nafamostat inhibits various enzyme systems, such as coagulation and fibrinolytic systems, the kallikrein--kinin system, the complement system, and activation of protease-activated receptors ([@bib0005], March 01). It also inhibits lipopolysaccharide-induced nitric oxide production, apoptosis, and interleukin (IL)-6 and IL-8 levels in cultured human trophoblasts ([@bib0005], March 01). It is shown to act as an antioxidant in TNF-α-induced ROS production ([@bib0005], March 01). Therefore, nafamostat is thought to have anti-inflammatory and anti-viral properties to COVID-19 ([Figure 1](#fig0005){ref-type="fig"} ).Figure 1Timeline of clinical symptoms, laboratory findings, and chest radiography findings. Abbreviations: ID, illness day; HCQ, hydroxychloroquine; LPV/r, lopinavir/ritonavir.Figure 1

Case description {#sec0010}
================

Three COVID-19 patients had the following conditions: pneumonia with progression despite antiviral treatment; were elderly, over 65 years; and had underlying diseases that were known as high risk factors. These three patients were continuously administered 200 mg of nafamostat for 24 h. This study was approved by the Institutional Review Board of Dankook University Hospital (DKUH 2020-03-031-001).

**Patient 1:** A 75-year-old man with hypertension and diabetes mellitus was diagnosed with COVID-19 on February 26, 2020. He had myalgia, and cough and sputum, which had begun the day before diagnosis. On admission, he was not dyspneic or cyanotic, with a body temperature of 37.0 °C, respiratory rate of 20 breaths per minute, heart rate of 75 beats per minute, and blood pressure of 140/90 mmHg. Initial laboratory results were as follows: white blood cell (WBC) count 5150/μL (65% segmented neutrophil), and C-reactive protein (CRP) 2.61 mg/dL. Initial chest radiography showed infiltrations in both lower lung fields, but high-resolution computed tomography (HRCT) on March 2, 2020, revealed multiple, ground-glass opacities located in both lungs. Oxygen was supplied beginning March 6 due to desaturation. On March 7, chest radiography showed increased infiltrations, and HRCT revealed that the existing lesions had transformed into consolidation. Laboratory results on March 8 showed an increased WBC count of 9510/μL (85% segmented neutrophil) and high CRP of 17.79 mg/dL. Beginning March 8, he was administered nafamostat. In addition, acetaminophen was administered regularly for fever control. After 2 days of nafamostat administration, his CRP level was decreased to 9.13 mg/dL and oxygen saturation was maintained above 98% in room air without oxygen supply. His CRP level was decreased to 1.32 mg/dL, 6 days after administration of nafamostat. On the 11th and 12th days after the nafamostat administration, a negative real-time reverse transcription-PCR (RT-PCR) results for severe acute respiratory syndrome coronavirus 2 was confirmed.

**Patient 2:** A 69-year-old man with hypertension experienced myalgia on February 28, and was confirmed to have COVID-19 on March 6, 2020. He had fever from the day of hospitalization, and cough began to develop. Physical examination revealed a respiratory rate of 20 breaths per minute, heart rate of 60 per minute, and blood pressure of 150/70 mmHg. Initial laboratory results were as follows: WBC count 6010/μL (74% segmented neutrophil), and CRP 0.23 mg/dL. Initial chest radiography, showed no infiltrations. However, HRCT revealed multifocal consolidations with peripheral ground glass opacities. Respiratory distress occurred on the 9th hospital day and oxygen was supplied. On March 14, chest radiography showed increased infiltrations, and laboratory results on March 15 revealed increased CRP of 13.0 mg/dL. Beginning March 14, he was administered nafamostat. After 4 days of nafamostat administration, his CRP level decreased to 5.27 mg/dL and oxygen saturation was maintained above 98% without oxygen supply. We changed the medication to camostat (600 mg/day) 4 days after nafamostat administration. On the 19th and 20th days after the camostat administration, a negative RT-PCR results for severe acute respiratory syndrome coronavirus 2 was confirmed.

**Patient 3**: A 66-year-old man with a history of poliomyelitis and hypertension who had experienced muscle pain since March 2 was diagnosed with COVID-19 on March 9, 2020, and was hospitalized on March 15. On admission, he was not dyspneic or cyanotic, with a body temperature of 36.5 °C, respiratory rate of 20 breaths per minute, heart rate of 81 per minute, and blood pressure of 132/84 mmHg. Initial blood tests revealed that his WBC count was 10,310/μL (75% segmented neutrophil), and CRP 3.31 mg/dL. Initial chest HRCT revealed multiple consolidations with peripheral ground-glass opacities located in both lungs. After hospitalization, oxygen therapy was initiated. On March 19, chest radiography showed increased infiltrations, and laboratory results revealed an increased WBC count of 15,210/μL (76% segmented neutrophil). Beginning March 19, he was administered 200 mg of nafamostat. After 5 days of nafamostat administration, his WBC count decreased to 7870/μL (64.1% segmented neutrophil) and oxygen saturation was maintained above 98% in ambient air. A Chest X-ray revealed further resolution of both lung infiltrates. He was discharged on day 15 of hospitalization because of improvement in symptoms and a negative RT-PCR test.

Discussion {#sec0015}
==========

The patients were all elderly people with underlying disease known as high risk group. At the time of transfer, both clinical and radiological deterioration were observed, and all patients were taking anti-virals including Lopinavir/ritonavir and hydroxychloroquine. There were no adverse events associated with nafamosta, and all patients improved and were discharged. According to the previous cases, four other patients with COVID-19 pneumonia are currently using nafamostat.

Nafamostat is a synthetic serine protease inhibitor, which prevents virus fusion and inhibits various enzyme systems to involve in inflammation. Recently, emerging evidence shows that COVID-19 can be complicated with coagulopathy namely disseminated intravascular coagulation (DIC) ([@bib0030], April 18). From the data, it is thought that nafamostat can prevent disease progression by controlling immune system such as the complement cascade, blocking DIC, and preventing virus invasion by inhibiting virus fusion on the cell membrane. It was used as a DIC dose in patient treatment (0.06∼0.2 mg/Kg/hour) to our patients. We experienced clinical and radiologic improvement in COVID-19 patients with pneumonia treated by nafamostat. Nafamostat is a relatively safe drug and can be considered to be used in patients with COVID-19 pneumonia.

In this preliminary uncontrolled cases of 3 elderly patients with exacerbated COVID-19 pneumonia, administration of nafamostat was followed by improvement in clinical status. These cases were treated with nafamostat in elderly patients with pneumonia who progressed while using antiviral drugs in a high-risk group with limited sample size and not through a randomized control study, and these observations require evaluation in clinical trials.
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